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(54) IMMERSION NOZZLE FOR CONTINUOUS CASTING AND CONTINUOUS CASTING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To make clear of the specification of 
a swirling blade and the shape of a swirling nozzle. 
SOLUTION: A continuous casting is performed by using the 
swirling nozzle which sets 0.8-3.0 twist pitch Pc of the swirling 
blade, 60-180° twist angle Gof the swirling blade, 50-250 mm 
outer diameter (=2 radius) of the swirling blade, 5-30% of the outer 
diameter to the thickness of the swirling blade, and in the range of 
0.5-1.8 times of the minimum value of the effective crossing area 
Se of the swirling blade part in the cross sectional area after 
reducing, by reducing the inner diameter in the interval between 
the lower end of the swirling blade and a spouting hole, and is in 
the range of 0.3-2.0 (m) the required head predicted value H 
between a tundish and a mold. Thus, in the two-hole nozzle, such 
effect that surface defect on the cast slab is reduced can be 
expected, and in the single-hole nozzle, such effects that the cast 
slab surface is improved and porosity (shrinkage hole) defect at 
the center part of the cast slab is reduced can be expected. 
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^©o. 5~i. 8f&<D®mtoicm%.tztPi\c, tie 

ffiH#0. 3 — 2. 0 (m) ©tBHrttCfcSi&fcCfc* 

P c =L • n/ (2 • R • 0) •••<!) 
ffiU L : J£lH]MS')g|5ft£ (mm) 
R : mmmm (mm) 
6 :»HjgfitDfi (r ad) 



) = s i n (tan (2 



S e (mm 
ffiU S 
H (m) = (5 60 • K + 0 
fiU TP : tm^--fv h (kg/s e c) 
K : SIlHliiiSSS (mm 2 ) 
(= (D, /D* ) • {«/ (2 • Pc • S. ) } ) 
D, :S60^fi»yX;I/rtS (mm) 

rtS (mm) 

mmmmmmm/XfW 

tt*#B3] K@^ffi(D±4SB*^ 2 0 0ram«rtOi 
»Ct5V>T, rtg*BfiB«t?l 0-3 5%Mffi-f5%t 
») W*W*fcC ££#$£-f 3!t;fcJS l Xtt 2fefc©3g 
Hcitigfflaj»/X;l/ 0 

[»*E4] ja^«fc#fa1-S2 0©tttH?L**rL 

fc»#ss i - 3 <DMnM2«©a^»iiffla«y X;wc 

tJ^T. ^>x-r ^aJg^©ift«Siggg©T8itWc 

«yx;K 

umm 5 ] mm8K.it fats 2 ^©tttfMir u 
fc»3»® 1 - 3 mnimm<Dmmmi%mm; xa, 

¥frlcttffl-rSJ:5K, Huf220©qtffi?L#l§S«2!fc 
¥fT4»ft^ESSlHl*|£]t2~l 0° fiofcttUfcftS 

So 

[» 6 ] mmmzftfa? s 2 o©qtdjfL*w t 
fci«*«i~3©fRfn*\ x«, »*«4£«©iiaw 

Jfifflgfll/ X;Wc fci^T, 7 X/l/fp«c ft Lj6J*» i: 

<fc 9 \cimmiKWfc£&rcttfa? z 2 o©qtm?L 
^rtat»3ttiHia©ji®»«rtriRi»ciittoTiiii?L**fc 

Hit** 7 ] fi»K»«3^ 5-3 0 mmOft&ttlHIffi 



SSH^ffigDft (r a 
P c • 0/V ) ) • Si •■■© 



flSM*ggMiirS8i8&ffi8[ (mm ) 



06) • EXP (0. 0 2 4 • TP) -® 

TlpJttCl 5-4 0° T'^Srt^ffi ©¥ 
£|j?itil#2 0 — 6 Ocm/se c «fc 5ttHtfU£tf 

fcWGTtS 20<Dqtffl?L**i LfcSW&K 1 ~3<D<5Jft 

20 A> 0 

CfflW&S 8 ] ttffi?L©±lg*¥® R 1 #4 0 - 1 8 0 
mmOPjaMKfcfcU /X/P7LrtgfrSttffl?LLii£|p] 
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imm LfcmMm 1 - 4 , 6-8 <D®tifrmm<Dmm 
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30 ^X^X<D^M^B73teo 
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[0001] 

K:*s^TfiyB*n5, rt«$ic«io*i!a!iii^«*»iiL 
T/x^rt^^tssMfcftiHiais^-rsaiBiit 
raaffl/x;u (jwt, mmtiisxni tt^r> 0 ) s 
50 zf<i<Dm®WL/x>\>*m^rcmmm7&J5mcm-?zt><D 
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tl) ff±CJi<ft5„ 
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wwimms x>uomm, &mm>v 5 a u-*> 
[0010] 

Otf-y^P c£0. 8-3. 0, m®$l&mt)fi8Z6 
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omm, m®m®.v>mfr*ftw»5~zo%£h. mm 
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WS»»fffiF«SeO«/JvflO0. 5-1. 8fg©S5HrtlC 
HSffiBO&g'Vy F^iJfitH^O. 3-2. 0 (m) CD 
ctitm. fit, cctSK-rscfc-e* 27L 
IWf#T**, ¥?L/X;l/©t|£tcfi, Hfrflfltf&S 

[001 1 ] 

[tin] Pc = L • n/ (2 • R • 0) 

fiU L :teHIEfiiSt)SSS;* (mm) 
R : SUhM^S (mm) 

0 :immm*)ft u ad) 

[0 0 12] 

[IS 2] Se (mm 2 ) = sin (tan"' ( 2 • P c 
• B/n ) ) • S. 

fit. Si : fl!0^ffig|5«IOT5j5itgSffi» (mm 2 ) 
[0 0 13] 

[S3] H (m) = (560-K + O. 0 6) - EXP 
(0. 0 2 4 • T P) 

{BU T P : fmxjV--/y h (kg/sec) 
K : mmmmmm. (mm 2 ) 
O (D, /D 2 ) • Kn/ (2 • P c • S, ) M 
D> :jM3ffig|3/X;l4<g& (mm) 

1*111 (mm) 
[0 0 14] 

m^mwm^m *«w#5tt, snngit/x;i/©^ 

Tfg©#fg$©5tfigfcPJofc©T*fcS„ 
[0 0 15] T&frtS, *f8P3K:fcSlS 1 ©it^Hiiffl 

ffiiai^s*afflBb tcmmyXfv v&^r, ±ssm& it 

^S^n-5)KlsI^1SS'3tr-yf-Pc?rO. 8-3. 0, 
SS(al^1gS?)ft0*6O~l 8 0° , fiHH^ffiO^S 
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(=2R) £5 0-2 5 0mm, «E1S£>ff*%MI2 

©ft/hffl©o. 5~i. 8fe<D®.mMmfe?ztPk 

K^iJffiH^O. 3-2. 0 (m) (DlgHrttCfc^ 

coo 1 6] tc6-v\ mwvi-p ctit. worn* 

1 8 0° MSftSOlcEgOH^Ofi^g-f Sfr£t^ 10 
/XMCiJt^T, SOtTy^Pc^O. 8 

* ^ & o r^tm 1 1 j: •? Eig^tc j; mmmmoym 

^cit% *^t,:^§^ioM^3gffla«/X;i/T' 

asncs«^n^[5i^iss»)if>y^Pc^o. 

8-3. 0£LT^3 o 1 IClSlfZMmmM 20 

[0017] sjt, jgm^ffififjft e i:t±, w.K>m.<Dm 

Is^T, M®%immr)ftetf6 0° /x 
/H^ftMSfffifc Siting© £#ffi«*vj^ < & 

eta, m&tfmw£frvfr^rcirzicffi.mm.tn.zm>p 30 

a«/X;l/Tii, ffilHl^1iSt)^0*6O~i 80' t 

coo 1 8] $fc, *^wc^sii 1 ©s^igfflsm 

/XMCfct^T, SSlHl^ffiong (=2R) #5 0mm 

fttfMttZo -73> W&ftZ 5 0mm^5^ S 40 
«yX;l/*^g^fbLT/N> K'J fWHWcftSfc 
if, ftil^lBiF«n«o *f8WK«S* 1 ©3S 

«»Jfiffla»/X;l/T?tt, JHSES©^ (=2R) % 
5 0—2 5 OmmtUt^, 

coo 1 9] i (ommmmmm 

j xmc&^x. m®w&(DB&ifiimmim®<!) 5 % 

30 
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mmmms X;i/T*«, ai@^fi©jp**^so 5 - 

3 0%i:LT^5„ «ii_h©^,g^5(<i6P.n5cDtt, * 
yr-f •y>ij^&<0»ili«f«:*5*n*ffi|HlSfiO±«5 
T*& 5 <DT\ iftgKJS U T±f2/?#<DfSH lc*J l^T± 

®zm< Ti$*B < dog t t t «fc v\ 

CO 0 2 0] 3=fc, rt»ICfiD«SK|5]jJifi*RBLfc 

tt, ^S2T*^«?n5JHHl^«M^W^»fiS®Se 
©«/jNffi©0. 5-1. Sfg^-f^cDtfJ;^ 

co 0 2 1 ] jsni^ffi^cD^sffiaa, «i»fffiT?M^ 

ffifitSSffi*S, (mm ) T-fc**' 5 , £|sl33Jgrt4)&8! 
CO 0 2 2] £C3T\ ftB?i«20TII*»5»HJLfe 

sums 2 (so*) ©s<WT«^nfc2o 

CO 0 2 3] LfrbfttfS, C©«»)«OififiaW, » 

S2 T'mmzti&Mmmmffiffimthm&m s e 

ffiimfMKiBm S e ©*/Jn«© 1 . 8 ^^Sx. § fc , 

lommmmmmmyxfrTu, mmmwimmttm 
^2 t*^»^ nmmmm^m^nmmm s e <o«/j> 

ffi(D0. 5-1. 8tt©*$HrttcSJ£L-tV3o 

co 02 4] c©2o©fi»3a[*g^*5-e:i^-ftatia 

CO 0 2 5] $fc, *«W#6tt, AiHcSOfiSfiKa 

CO 0 2 6] CCT% fillll^fi^aK (mm 2 ) tit, 
m/sec) , 7X;brt^Sl^a*Q (mm 3 Xs e 
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c) tLKtz, w=k • Q*B&fcT£gre&o, 
C0027] c<DfimmmmMmmzimm&m* 

«iiiaaas»wtt^^ja«K:*it«asi*ftast@at 
attTffl^fc. io 

[0 0 2 8] /X/P*f»rffi8§efi!@Sfi$#W{i, /X 
re 

[002 9] 

[S4] W=V • R • 0/L 

[0 0 3 0] -7b\ jK0^/X;l/©liOt!>y^P cttL 

/d=l/2 RT'^5di:^e., ein%^-rsi:R/ 

L=l/2Pci:%5„ fit, £ft£, £@^ffi<0& 20 

ofte = ;r (i8o°) *±8ELfc»5£4tettA*% 

/X;I/«WBiifflR«!@afija»W«, TE©«fcS5 

[0 0 3 1] 

[»5] W= (V • jc) / (2 • P c) 

[0 0 3 2] H3fc^LfcJ:3aiBllli!S/X>M 

x/wjDft&v* (mm) as^Efettsjsanig 

c©$t>f£©/X;l/?L©l*i&D 2 W»K*tJ*jSfiiaaEi 30 

[0 0 3 3] 

GR6] K=W 2 /Q 

[0 0 3 4] 

[»7] W 2 =W. • (D, /Di ) 

[0 0 3 5] Sfc, «@Effirtt«:*5W-3«S(|fc±feLfc 

[0 0 3 6] 

[»8] W< = (V. • «) / (2 • P c) 40 

[0037] KMBfcMXbiimmmmctsifssXA' 

[003 8] 

[»9] V. =Q/ U (D, /2) 2 -A} 
[0 0 3 9] 

[£fcl 0] K=ji (D. /D* ) / [2 • U (D. / 50 



&DH 2002-239690 
8 

2) ' -A} • P c) 

[0 0 4 0] £<D£olCLXJ!tlt>rcm®iMg.jmKl3., 

»k/7HP (*(4^SfcO©/X;l/rtii 

[00 4 1] ±IBbfcS^C3EJ:»)*«»fc^>7*-f *v> 
a fctlSHSIflD&B'vy K^SIfitHfc, Hfflfil^iH 4 © 

3iiBt^jiffla«/x;i/T?ti, ®mzm^rcnmnm<Dm 

(S^&g'Vy K^iB>JfiIH<DigiE3EH*0. 3~2. 0m 
tLfco 

[0042] ?&:t>%. ®m*m^rcmmm<ommtc 

's-y F^iHiJffiH#2. 0m%ix.5i:, ^I/f-r vS/a 

*ftTT?©»3BfcJ\ HR«**BStiS«TttHJfe* 
[0 0 4 3] ±ELfc*«WlC«S» 1 ©5Sfrc§§igffl» 

mzftm-rzctffx-z. =to^-*ffi0^*TO?n 

[0 0 4 4] -yS'AjSWOflaMlfi 

mm. mmxyjTjytfy-hi a 

»*T»»M#*foWB0S<4S. -73, 0 5£* 
L/-c<fc9lc, ffi|iI»/X>l/ l OKlH|^fi2©±ift«lt£:fe 
^T7X;l/?Ll b©rtg%H8«rS«t)a5 3*Httfe« 
«Da53©a»fita*^@8K/X;l/«»riBrtO 

[0 0 4 5] U^bft*^, #f£WgP>©HSS£cfcft 
ff, tKDff^K^SffilltfJSIsl^fi©^*^ 2 0 0m 
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<D±MiJt*5^T, 1 0~3 5%<Dwmx*m$L?zz.t 
tit. cnw*5e«Kff**3©»H»3afflsai/x 

[0 0 4 6] ±ao«t3KiiiEli:»ttLfc*«WK:ffS 

n*m?ximmmMMPncmi?&m&. mmm<om io 
it), jsw^jsia^iRiicfinTRfcffi-r^ciik:* 

[0 0 4 7] *38^#&tt % ilSOtttliTL^WI- SttS 

**, SUM 5 afcfa^TttHJ^S^SitntflS 
§!iSi35 bfcfit>T06Kfcfr^LfcJ:5KtttH-f5 

fee 

[0 0 4 8] f l/t, #IS#g &&S*gHCcfctl 20 
8B^>x;l^©acJS J f»#&J»rtE 

»©«rae*i&g-r5*s*, mfrvmmshKzgitmkz 

It, UrF©«fc-5fc1-SCi:T% tMt*n«CJ:*»lJIL 

[0 0 4 9] -fftfe^ JSgPifi^K^TS 20©qtffl 
?L**Ufe±l2bfe*»Wt«S» 1 ~3©»R§lififfi 

H©~FSMWc»llLfcl81 2 0<Dttai?l>5>©tttiji5?ttf 30 

■f-tSfc, MIE20<DttfitfLl a*»S!fiia5bfc¥fT 
ft«^5E«Elll#iR]fc:2~l 0° fiofcttiBfcfcS«fc5 

jtfflS»/X;l/*\ 2o©qttfffl^5©tttiJ»&W©e»r 
ffi^S©Sjat¥fTti»tai-rSi5t, MfE2-D©i±tiJ 
?L*<itS!ffifli:¥ffft«*»5fiftIlSiaiK2~i 0° & 
■3fctt»4:as«J:5K:SIBbTaBg-rs©T?SSo cn 
#**B!IIfc«584©»BWigflia»/'X;k fttf* * 
588K«3£ l ©«£c£«ji£i£-<?&3o 40 

[0050] c(DokttitiL<DMftftiz, m^mm^m^ 
jk«> /x;h*jp (Rtai?LS©»*) mvmwzgvx 
$m?z<ox\ /x>i<DMr>M*vttii®mm&ztfi% 

th:, tttb^2~i o° ©laa^fflATignscfcH: 

*i£^»?©ttm?D ©tttti?Ltgnft(i. mass 

[0051] #fsnn#5«, iic»ifi«ic*fiRi-r* 20© 
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W?LHS^©#&*ft^©ttattSi*, ttffi?LHRLtt 
iR%IxTllbfe„ ^©^31, tttftfLl a©iig£/X 
;WL 1 b©rt&J; 0 M^«tt£&Lfcqttti?L{IS 
©— 75$\ 08 (a) (b) t^Lfcfc^t. yX>lH 

U #[R]T3 20©iJtatfLl aAVWi*tJtL,S 

«^s«^*tf '>a^c. £ *m ltc 0 c n^*^t 

[0 0 5 2] «!EI8S/X;l/tt, SHHJStCftffl-rSjIiD^ 
{C«fe»3 20©P±m7LK^$"JWtf±ffiM*^E-r'5©T% 

^*w-rSo «Bi©jifffcfcfeK:«!iHis 

09 (a) t^Lfeiat, &ttffi?Ll afrt>(D0ktiiffi 

[0 0 5 3] *3SWf 5©gO*fc«J:*Uf, C©<fc9&*§ 
£lcfc, /XJHBSWCBI9 (b) fC7SLfc<fc9&S&£# 
5-3 0mm©ftS#»l c«tLT^5k, Jt«W 
IfT't Kfc tffij&l Lfc. c n 

[0054] coir, ttmTLA^cqtaiftfia, Tft# 

1 5° fiLL 4 0° JXTtPS-T5Ci:A^$Ll\ * 

wmm a, 7^r;m^tc * o ^im^^sm < 

HSLfc^ Jfc@i«/X/l/l©RfcttWLl a^6©ntffi 
ftfitfTfatl 5" iDS^fc, 01 0©£¥#£^L 

&#3©ilfr£BifcR&*f8£;S-&So 
[0 0 5 5] ffi@«E/X;l/©ilta?L^6©i!fcaft 

©ntmaa^^cftsfij^w-rsffiiiiiKEyx/i/** 

atn«««4 atn^fio fc«9©«B5*<*# < se»i-« 
cfcfcumLfco 

[0 0 5 6] cne>©SlMtc<fc'), *58W#6fi» ±IE 
bfe aiEttRtffift je©iBH*£46 5 1 PJo fe©T'fe 5 0 

Tsntt 01 oomesLfcA^c, affit^m 
frp>©seififc©T$tf'>fc<, mm%mic±%%&w 
gtLv^Rtaj7L^e»©ttaiftS(iTfR]t2 o° 3 

0° KTfj&ofe. 
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co o 5 7] ±mLtcf±mmit, mmm.(omK> 
co o 5 8] *%wic&mm.mmmm.m; xmc&^ 

Xlt. ftSrt^ffi (^X#X) <D¥i^utfi2 0 c m 10 
/secllt, 6 0 cm/s e cJiTFtfgl:U\, 2 0 
cm/se c <fcD ta^«trgSi^OSHv'x;l/gtjf{fffl 

mftMffi (P<-X*X) O^M3i^6 0 cm/s e c 

CO 0 5 9] HSWilffi O^X^X) 
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